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Abstract
The generalized thermo-elasticity theory III is employed to study thermo-elastic interactions in a homogeneous isotropic
unbounded solid due to distributed continuous and instantaneous body forces. The solutions are derived by using a Laplace
transform on time and then a Fourier transform on space. It is found that the interactions consist of a wave part traveling with the
speed of the dilatational wave and a diffusive part. For continuous body forces, both temperature and deformation are continuous at
the elastic dilatational wave front, while the stress suffers finite discontinuity at this location. For instantaneous body forces, both
deformation and temperature suffer finite discontinuities at the elastic wave front, while stress exhibits delta function discontinuity
resulting from the Dirac delta function at this location. All the fields suffer exponential attenuation at the elastic wave front and
the attenuation is influenced by thermo-elastic coupling and thermal diffusivity of the medium. The results achieved in the present
analysis are compared to those obtained by using generalized thermo-elasticity theory II without energy dissipation and other
generalized theories. Lastly, numerical results applicable to a copper-like material are presented in order to illustrate the analytical
result.
c© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction
The conventional coupled thermo-elasticity theories based on the parabolic heat transport equation [1] predict an
infinite speed of thermal propagation. In the last three decades, thermo-elasticity theories involving a finite speed
of thermal signals (second sound) have created considerable interest. The thermo-elasticity theories involving the
hyperbolic heat transport equation are generally referred to as generalized thermo-elasticity theories. Among these
generalized theories, the extended thermo-elasticity theory (ETE) developed by Lord and Shulman [2] and the
temperature-rate-dependent thermo-elasticity theory (TRDTE) proposed by Green and Lindsay [3] and Suhubi [4]
have been the subjects of a large number of investigations. Because of the experimental evidence available in support
of finiteness of speed of thermal signals, these generalized thermo-elasticity theories are considered to be more realistic
than the conventional theory in dealing with practical problems involving very large heat fluxes at short intervals
occurring in laser units and energy channels [5,6].
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Nomenclature
Eu The displacement vector
∆ Dilatation
γ = (3λ+ 2µ)αt , λ, µ Lame´ constants
αt Coefficient of linear thermal expansion
ρ Constant mass density
T The temperature above the uniform reference temperature T0
Cv Specific heat at constant strain
K ∗ The material constant characteristic of the theory, K ∗ > 0
K The thermal conductivity
εT = γ 2T0
ρ2Cvc21
Thermo-elastic coupling constant
c1 =
√
λ+2µ
ρ
Dilatational elastic wave velocity
c3 =
√
K ∗
ρCv
Finite thermal wave speed of G–N theory
CT = c3c1 Non-dimensional finite thermal wave speed of G–N theory
κ0 = κlc1 = KρCvlc1 Non-dimensional thermal diffusivity
κ = K
ρCv
Thermal diffusivity of the medium
Recently Green and Naghdi [7] proposed a theory where the characteristics of material response for thermal
phenomena are based on three types of constitutive response functions labeled as type I, II and III. The nature of
these three types of constitutive equations is such that when the respective theories are linearized, type I is the same
as the classical heat equation (based on Fourier’s Law), whereas the linearized version of type II theory permits
propagation of thermal waves at finite speed and involves no dissipation of thermal energy. Further the type III theory
involves a thermal damping term and predicts an infinite speed of thermal propagation.
Problems concerning distributed heat sources in infinite elastic solids, using CTE, were first studied by Paria [8].
These problems were further extended by Roychoudhuri and Sain [9], Roychoudhuri and Bhatta [10] to the
generalized thermo-elasticity of Lord and Shulman [2] (ETE) and by Sharma [11] in the context of the TRDTE of
Green and Lindsay [3]. Recently Roychoudhuri and Bandyopadhyay [12] investigated a problem of interaction due to
heat sources in infinite solid using the thermo-elasticity theory of Green and Naghdi [13] without energy dissipation.
In [8] the solutions valid for small times for deformation, stress and temperature consist of a dilatational wave front and
a diffusive part, whereas in [9–11] the solutions for small times consist of two coupled waves—modified dilatational
and thermal waves. Both the waves suffer exponential attenuation at both of the wave fronts. The solutions derived
in [12] using TEWOED are compared of two coupled waves—dilatational and thermal, propagating with finite speeds
and without attenuation.
Sharma and Chauhan [14] investigated thermo-elastic interactions due to body forces in generalized thermo-
elasticity II. The closed form solutions derived in [14] consist of two coupled waves—modified dilatational and
thermal. The deformation is continuous at both the wave fronts while the temperature and stress suffer finite jumps at
both of the wave fronts in the case of continuous body forces. In the case of instantaneous body forces [14], deforma-
tion is discontinuous at both of the wave fronts, indicating finite jumps there, while the temperature and stress both
exhibit delta function singularities at these locations. All these fields suffer no exponential attenuation. It may be men-
tioned that recently Li and Dhaliwal [15] investigated the thermal shock problem in generalized thermo-elasticity III.
The object of the present paper is to study the thermo-elastic interactions in an infinite isotropic heat conducting
elastic medium due to distributed continuous and instantaneous body forces in the context of the generalized thermo-
elasticity III proposed by Green and Naghdi [7]. The solutions for deformation, temperature and stress derived
for small times, consist of a wave front traveling with the speed of the dilatational wave and a part diffusive in
nature. Temperature and deformation are both continuous at the dilatational wave front while the stress suffers finite
discontinuity at this location in the case of continuous body forces. For instantaneous body forces, both deformation
and temperature fields are discontinuities at this wave front and suffer finite jumps, while the stress suffers δ-function
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discontinuity resulting from the Dirac delta function at the dilatational wave front. All the fields suffer exponential
attenuation at the dilatational wave front. It may be mentioned that the solutions derived in the present analysis using
generalized thermo-elasticity theory III of Green and Naghdi [7] suffer exponential attenuation at the elastic wave
front, similar to the results studied in [9–11]. The present problem may be considered to be an extension of the
problems studied in [9–11,14] to generalized thermo-elasticity III. It may be mentioned that very recently a similar
problem of interaction in infinite solids due to heat sources in generalized thermo-elasticity III have been considered
in [16].
2. Formulation of the problem, basic equations
An infinite isotropic thermally conducting solid is considered. The medium is unstrained and at rest initially
and has a uniform reference temperature T0 throughout. The infinitely extended elastic solid occupies the space
−∞ < x < ∞. It is then subjected to body forces distributed over the plane x = 0. From symmetry considerations
and assuming one-dimensional deformation, the field variables are supposed to be functions of the spatial coordinate
x and time t only. Then the displacement vector Eu = [u(x, t), 0, 0] and the temperature change T = T (x, t).
The displacement equations of motion in the presence of body forces are
ρ E¨u = (λ+ µ) E∇( E∇ · Eu)+ µ∇2Eu + ρ Eb − γ E∇T . (1)
The heat transport equation in the linear theory of generalized thermo-elasticity III proposed by Green and Naghdi [7]
is
ρCv T¨ + γ T0 div E¨u = K∇2T˙ + K ∗∇2T (2)
where Eb is the body force vector.
Eqs. (1) and (2) admit propagation of damped thermo-elastic waves due to the presence of the temperature-rate
term in Eq. (2).
Eqs. (1) and (2), in the one-dimensional case, reduce to
ρ
∂2u
∂t2
= (λ+ 2µ)∂
2u
∂x2
+ ρb − γ ∂T
∂x
(3)
ρCv
∂2T
∂t2
+ γ T0 ∂
3u
∂x∂t2
= K ∂
3T
∂t∂x2
+ K ∗ ∂
2T
∂x2
. (4)
In this case, it is convenient to introduce the following notation and non-dimensional variables:
ξ = x
l
, η = c1t
l
, C2T =
K ∗
ρCvc21
, Θ = T
T0
, U = (λ+ 2µ)
γ T0l
u
where l is some standard length.
Introducing these dimensionless variables into Eqs. (3) and (4), we obtain the field equations in non-dimensional
forms as
∂2U
∂ξ2
− ∂Θ
∂ξ
+ B = ∂
2U
∂η2
(5)
∂2Θ
∂η2
+ εT ∂
3U
∂ξ∂η2
= κ0 ∂
3Θ
∂η∂ξ2
+ C2T
∂2Θ
∂ξ2
(6)
where B = ρbl
γ T0
is the dimensionless body force term.
For κ0  C2T , i.e. for K  lc1 K ∗ (i.e. for very low thermal conductivity), Eqs. (5) and (6) reduce to, in the absence
of heat sources, the coupled partial differential equations for propagation of coupled thermal–dilatational waves in
generalized thermo-elasticity II [13] without energy dissipation yielding undamped wave solutions.
Again for C2T  κ0 i.e. K ∗  Kc1l , i.e. when the Fourier conductivity is dominant, Eqs. (5) and (6) do not permit
the possibility of undamped thermal–dilatational waves. Accordingly, Eqs. (5) and (6) correspond to the damped
coupled thermal–dilatational waves in generalized thermo-elasticity III of Green and Naghdi [7].
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3. Solution of the problem: Application of Laplace and Fourier transforms
The medium is subjected to:
(i) continuous body forces distributed over the plane ξ = 0 leading to
B = B0δ(ξ)H(η), η > 0
(ii) instantaneous body forces distributed over the plane ξ = 0 leading to
B = B∗0 δ(ξ)δ(η), η > 0
where δ(ξ) is Dirac’s delta function (Sneddon, p. 32 [17]) defined by δ(ξ) = 0 for
ξ 6= 0 and
∫ ∞
−∞
δ(ξ)dξ = 1 and
∫ ∞
−∞
f (ξ)δ(ξ)dξ = f (0)
and H(η) denotes Heaviside unit step function defined by
H(η) = 1, η > 0
= 0, η ≤ 0.
Here B0, B∗0 are constants.
4. Solution of the problem in the transform domain
We denote the Laplace transforms of U (ξ, η), Θ(ξ, η) by U (ξ, s), Θ(ξ, s) defined by
{U (ξ, s),Θ(ξ, s)} =
∫ ∞
0
{U (ξ, η),Θ(ξ, η)}e−sηdη
with Re(s) > 0; s is the Laplace transform parameter.
Further we denote the Fourier transforms of U (ξ, s), Θ(ξ, s) by
{U1(ς, s),Θ1(ς, s)} = 1√
2pi
∫ ∞
−∞
{U (ξ, s),Θ(ξ, s)}eiςξdξ
where ς is the Fourier transform parameter.
Then by applying first the Laplace transform and then the Fourier transform to Eqs. (5) and (6), we obtain
(ς2 + s2)U1 − iςΘ1 = B¯1 (7)
(s2 + C2T ς2 + κ0sς2)Θ1 − iεT s2ςU1 = 0. (8)
The algebraic equations (7) and (8) yield the following solutions for U1(ς, s), Θ1(ς, s):
U 1(ς, s) = (s
2 + C2T ς2 + κ0sς2)B¯1
∆
(9)
Θ1(ς, s) = iςεT s
2 B¯1
∆
(10)
where ∆ = (C2T + κ0s)ς4 + (1+ εT + C2T + κ0s)s2ς2 + s4. ς21,2 are the roots of the quadratic equation
(C2T + κ0s)ς4 − (1+ εT + C2T + κ0s)s2ς2 + s4 = 0. (11)
Finally we get
ς1 = s
 (a + κ0s)+
√
(a + κ0s)2 − 4(C2T + κ0s)
2(C2T + κ0s)
1/2
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ς2 = s
 (a + κ0s)−
√
(a + κ0s)2 − 4(C2T + κ0s)
2(C2T + κ0s)
1/2 (12)
where a = 1+ εT + C2T .
First by applying the Laplace transform and then the Fourier transform, we obtain:
for Case (i),
B¯1 = B0
s
√
2pi
and for Case (ii),
B¯1 = B
∗
0√
2pi
.
The non-dimensional stress in the infinite solid is
σ = τ11
γ T0
= ∂U
∂ξ
−Θ .
First taking the Laplace transform and then the Fourier transform, we obtain
σ1 = −iςU1 −Θ1. (13)
4.1. Thermo-elastic waves without energy dissipation (undamped thermo-elastic waves)
For κ0  C2T (i.e. for very low thermal conductivity), neglecting κ0,
ς21,2 = s2
[
(1+ εT + C2T )±
√
Γ
2C2T
]
where Γ = (C2T − 1)2 + 2εT (1+ C2T )+ ε2T > 0.
This indicates that both ς1,2 are real and positive. The solutions then correspond to coupled modified
thermal–dilatational waves in generalized thermo-elasticity II without energy dissipation.
For εT = 0 (in the absence of thermal coupling) and for those materials for which K ∗ > ρCvc21 (i.e. c3 > c1,
i.e. CT > 1), we have ς1,2 = s, sCT .
Again for εT = 0 and for those materials for which K ∗ < ρCvc21 (i.e. c3 < c1, i.e. CT < 1), we have ς1,2 = sCT , s
respectively.
Thus for εT 6= 0, the solutions (for κ0 = 0) are given by ςi = sλi , i = 1, 2, where
λ1,2 = 1√
2CT
[a ±√Γ ]1/2.
The solutions ςi = sλi , i = 1, 2, reveal the existence of two coupled thermal–dilatational waves—one the modified
dilatational wave and the other the modified thermal wave, both modified by CT and εT .
For K ∗ > ρCvc21 (i.e. CT > 1), the modified dilatational wave is the slower wave (taking the positive sign) and the
modified thermal wave is the faster wave (taking the negative sign) and the modified elastic wave follows the modified
thermal wave.
For those materials for which K ∗ < ρCvc21 (i.e. CT < 1), the modified thermal wave (corresponding to the
positive sign) is the slower wave and the modified elastic wave is the faster one, implying that the modified thermal
wave follows the modified elastic wave where K ∗ < ρCvc21 in the generalized thermo-elasticity theory II without
energy dissipation.
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4.2. Damped thermo-elastic waves (thermo-elasticity III): Small-time solutions
For κ0 6= 0εT 6= 0, the solutions for ς1,2 correspond to damped thermo-elastic waves in generalized thermo-
elasticity III.
Since the Laplace inversions are very much complicated due to the presence of a square root sign in (12), we
concentrate on solutions for small times only.
For large s, we have ς1 ∼= α + s + βs , ς2 ∼= α0
√
s + β0√s + γ0s√s where
α = εT
2κ0
, β = εT (4− εT − 4C
2
T )
8κ20
, α0 = 1√
κ0
, β0 = −εT + C
2
T
2κ3/20
γ0 = 2εTC
2
T + 3C4T − ε2T
8κ20
√
κ0
. (14)
Resolving into partial fractions, we obtain the expressions forU1(ς, s),Θ1(ς, s) and σ1(ς, s) in the forms for Case
(i) as
U 1(ς, s) = B0
s(C2T + κ0s)
√
2pi
[
C
ς2 + ς21
+ D
ς2 + ς22
]
Θ1(ς, s) = iB0εT s
(C2T + κ0s)
√
2pi(ς22 − ς21 )
[
ς
ς2 + ς21
− ς
ς2 + ς22
]
σ1(ς, s) = −iB0
s(C2T + κ0s)
√
2pi(ς22 − ς21 )
[
Eς
ς2 + ς21
− Fς
ς2 + ς22
]
and for Case (ii),
U 1(ς, s) = B
∗
0
(C2T + κ0s)
√
2pi
[
C
ς2 + ς21
+ D
ς2 + ς22
]
Θ1(ς, s) = iB
∗
0 εT s
2
(C2T + κ0s)
√
2pi(ς22 − ς21 )
[
ς
ς2 + ς21
− ς
ς2 + ς22
]
σ1(ς, s) = −iB
∗
0
(C2T + κ0s)
√
2pi(ς22 − ς21 )
[
Eς
ς2 + ς21
− Fς
ς2 + ς22
]
C = s
2 − (C2T + κ0s)ς21
ς22 − ς21
, D = − s
2 − (C2T + κ0s)ς22
ς22 − ς21
,
E = (1+ εT )s2 − (C2T + κ0s)ς21
F = (1+ εT )s2 − (C2T + κ0s)ς22 .
On taking the inverse Fourier transform, we obtain for Case (i),
U (ξ, s) = B0
2ς1ς2s(C2T + κ0s)
[
Cς2e−ς1ξ + Dς1e−ς2ξ
]
for ξ > 0
Θ(ξ, s) = B0εT s
2(C2T + κ0s)(ς22 − ς21 )
[
e−ς1ξ − e−ς2ξ ] for ξ > 0
σ(ξ, s) = B0
2s(C2T + κ0s)(ς22 − ς21 )
[−Ee−ς1ξ + Fe−ς2ξ ] for ξ > 0
and for Case (ii),
U (ξ, s) = B
∗
0
2ς1ς2(C2T + κ0s)
[
Cς2e−ς1ξ + Dς1e−ς2ξ
]
for ξ > 0
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Θ(ξ, s) = B
∗
0 εT s
2
2(C2T + κ0s)(ς22 − ς21 )
[
e−ς1ξ − e−ς2ξ ] for ξ > 0
σ(ξ, s) = B
∗
0
2(C2T + κ0s)(ς22 − ς21 )
[−Ee−ς1ξ + Fe−ς2ξ ] for ξ > 0
we have used the following results for inverting the Fourier transform (Sneddon, p. 20 [17]):∫ ∞
0
cosmu
u2 + a2 du =
pi
2a
e−ma, m ≥ 0 and
∫ ∞
0
u sinmu
u2 + a2 du =
pi
2
e−ma, m > 0.
Using the approximations for large s and after simplification, we obtain the final expressions for U , Θ , σ in the
following forms for Case (i):
U (ξ, s) ∼= B0
2
exp
(
− εT
2κ0
ξ
)[
1
s2
− εT
2κ0
1
s3
]
exp(−sξ)
+ B0
2
[
εT
κ0
√
κ0
1
s7/2
+ εT (2− εT − C
2
T )
2κ20
√
κ0
1
s9/2
]
exp
(
− ξ√
κ0
√
s
)
Θ(ξ, s) ∼= B0
2
exp
(
− εT
2κ0
ξ
)[
−εT
κ0
1
s2
+ εT (C
2
T + εT − 1)
κ20
1
s3
]
exp(−sξ)
− B0
2
[
−εT
κ0
1
s2
+ εT (C
2
T + εT − 1)
κ20
1
s3
]
exp
(
− ξ√
κ0
√
s
)
σ(ξ, s) ∼= B0
2
exp
(
− εT
2κ0
ξ
)[
−1
s
+ 3εT
2κ0
1
s2
+ 4εTC
2
T + 8(C4T − εT − 2C2T + 1)− 3ε2T
8κ20
1
s3
]
× exp(−sξ)+ B0
2
[
−εT
κ0
1
s2
− εT (2− εT − C
2
T )
κ20
1
s3
]
exp
(
− ξ√
κ0
√
s
)
and for Case (ii),
U (ξ, s) ∼= B
∗
0
2
exp
(
− εT
2κ0
ξ
)[
1
s
− εT
2κ0
1
s2
]
exp(−sξ)
+ B
∗
0
2
[
εT
κ0
√
κ0
1
s5/2
+ εT (2− εT − C
2
T )
2κ20
√
κ0
1
s7/2
]
exp
(
− ξ√
κ0
√
s
)
Θ(ξ, s) ∼= B
∗
0
2
exp
(
− εT
2κ0
ξ
)[
−εT
κ0
1
s
+ εT (εT + C
2
T − 1)
κ20
1
s2
]
exp(−sξ)
− B
∗
0
2
[
−εT
κ0
1
s
+ εT (εT + C
2
T − 1)
κ20
1
s2
]
exp
(
− ξ√
κ0
√
s
)
σ(ξ, s) ∼= B
∗
0
2
exp
(
− εT
2κ0
ξ
)[
−1+ 3εT
2κ0
1
s
4εTC2T + 8(C4T − εT − 2C2T + 1)− 3ε2T
8κ20
1
s2
]
× exp(−sξ)+ B
∗
0
2
[
−εT
κ0
1
s
− εT (2− εT − C
2
T )
κ20
1
s2
]
exp
(
− ξ√
κ0
√
s
)
.
Taking inverses of the Laplace transforms, we obtain the following small-time solutions: for Case (i),
U (ξ, η) ∼= B0
2
exp
(
− εT
2κ0
ξ
)[
(η − ξ)H(η − ξ)− εT
2κ0
(η − ξ)2
2! H(η − ξ)
]
+ B0
2
[
εT
κ0
√
κ0
(4η)5/2i5erfc
(
ξ
2
√
κ0η
)
+ εT (2− εT − C
2
T )
2κ20
√
κ0
(4η)7/2i7erfc
(
ξ
2
√
κ0η
)]
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Θ(ξ, η) ∼= B0
2
exp
(
− εT
2κ0
ξ
)[
−εT
κ0
(η − ξ)+ εT (εT + C
2
T − 1)
κ20
(η − ξ)2
2!
]
H(η − ξ)
− B0
2
[
−εT
κ0
(4η)i2erfc
(
ξ
2
√
κ0η
)
+ εT (εT + C
2
T − 1)
κ20
(4η)2i4erfc
(
ξ
2
√
κ0η
)]
σ(ξ, η) ∼= B0
2
exp
(
− εT
2κ0
ξ
)[
−1+ 3εT
2κ0
(η − ξ)+ 4εTC
2
T + 8(C4T − εT − 2C2T + 1)− 3ε2T
8κ20
(η − ξ)2
2!
]
× H(η − ξ)+ B0
2
[
−εT
κ0
(4η)i2erfc
(
ξ
2
√
κ0η
)
− εT (2− εT − C
2
T )
κ20
(4η)2i4erfc
(
ξ
2
√
κ0η
)]
and for Case (ii),
U (ξ, η) ∼= B
∗
0
2
exp
(
− εT
2κ0
ξ
)[
H(η − ξ)− εT
2κ0
(η − ξ)H(η − ξ)
]
+ B
∗
0
2
[
εT
κ0
√
κ0
(4η)3/2i3erfc
(
ξ
2
√
κ0η
)
+ εT (2− εT − C
2
T )
2κ20
√
κ0
(4η)5/2i5erfc
(
ξ
2
√
κ0η
)]
Θ(ξ, η) ∼= B
∗
0
2
exp
(
− εT
2κ0
ξ
)[
−εT
κ0
H(η − ξ)+ εT (εT + C
2
T − 1)
κ20
(η − ξ)H(η − ξ)
]
− B
∗
0
2
[
−εT
κ0
erfc
(
ξ
2
√
κ0η
)
+ εT (εT + C
2
T − 1)
κ20
(4η)i2erfc
(
ξ
2
√
κ0η
)]
σ(ξ, η) ∼= B
∗
0
2
exp
(
− εT
2κ0
ξ
)[
−δ(η − ξ)+ 3εT
2κ0
H(η − ξ)
+ 4εTC
2
T + 8(C4T − εT − 2C2T + 1)− 3ε2T
8κ20
(η − ξ)H(η − ξ)
]
+ B
∗
0
2
[
−εT
κ0
erfc
(
ξ
2
√
κ0η
)
− εT (2− εT − C
2
T )
κ20
(4η)i2erfc
(
ξ
2
√
κ0η
)]
.
We have used the following Laplace inversion formulae [18]:
L−1
[
e−a
√
s
s
n
2+1
]
= (4η) n2 inerfc
(
a
2
√
η
)
, n = 0, 1, 2, . . .
where the functions er f (x) and the associated complementary error functions of the nth degree are defined by [18]
inerfc(x) =
∫ ∞
x
in−1erfc(ξ)dξ, n = 1, 2 . . .
with i0erfc(x) = erfc(x) = 2√
pi
∫∞
x e
−u2du, erfc(x) = 1− er f (x).
5. Analysis of discontinuities
The short-time solutions for deformation, temperature and stress for both cases are composed of a wave front and
a diffusive part. The terms involving H(η − ξ) represent the contribution due to the dilatational (elastic) wave front
traveling with unit speed, accompanied by exponential attenuation which is influenced by thermo-elastic coupling
εT and the non-dimensional thermal diffusivity κ0. The other part is of diffusive nature due to the damping term
(temperature-rate term) in the heat flow equation. This brings out the difference in the results derived by using other
generalized thermo-elasticity theories with thermal relaxation as reported in [9–11] where the solutions consist of a
modified dilatational and a thermal wave front accompanied by exponential attenuation depending on thermal coupling
and thermal relaxation parameters.
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Further the solutions derived in [14] using generalized thermo-elasticity II without energy dissipation consist of
two coupled waves – modified elastic dilatational and thermal – propagating with finite speeds (influenced by thermal
coupling and the finite thermal wave speed) without attenuation.
In the present investigation in the generalized thermo-elasticity III, for continuous body forces, deformation and
temperature are continuous at the elastic wave front and stress suffers finite discontinuity near this wave front. Thus the
finite discontinuity in temperature as reported in [14] at the elastic wave front disappears in the present investigation,
while the finite discontinuity in the stress field in [14] continues to remain in the present case at the elastic wave front.
For instantaneous body forces, deformation and temperature suffer finite jumps at the elastic wave front, while the
stress exhibits delta function discontinuity at this location. Thus in the case of instantaneous body forces, the finite
discontinuity in deformation at the elastic wave front still persists in the present investigation as compared to the
results derived in [14]. Further the Dirac delta function discontinuity in temperature at the elastic wave front in [14] is
replaced by finite discontinuity in the present study, and the delta function discontinuity in stress at the elastic wave
front as reported in [14] is observed to persist at the same location in the present study.
By direct inspection of the solutions for Cases (i) and (ii), we can write down the finite jumps experienced by U ,
Θ and σ at the elastic wave front (e-wave front) ξ = η given by:
Case (i): [U ]ξ=η = 0, [Θ]ξ=η = 0,
[σ ]ξ=η = [σ ]ξ=η− − [σ ]ξ=η+ = − B02 exp
(
− εT
2κ0
ξ
)
Case (ii): [U ]ξ=η = [U ]ξ=η− − [U ]ξ=η+ = B
∗
0
2 exp
(
− εT2κ0 ξ
)
,
[Θ]ξ=η = [Θ]ξ=η− − [Θ]ξ=η+ = − B
∗
0 εT
2κ0
exp
(
− εT
2κ0
ξ
)
where [ f ] denotes the jump in f across a wave front.
The displacement is discontinuous at the elastic wave front for Case (ii), a situation which happens in the context
of TRDTE also [19]. A discontinuity in displacement implies that a portion of matter penetrates into another and
this phenomenon is not physically realistic; indeed it violates the continuum hypothesis [20]. Thus like TRDTE [19]
which predicts non-acceptable physical behavior for the displacement field near the wave fronts, here this occurs also
in generalized thermo-elasticity III, and the displacement field exhibits such a physically unrealistic feature. Further,
the stress is discontinuous in the present analysis for Case (i) at the elastic wave front. This is a situation in the contexts
of ETE and TRDTE [19,21] also. Indeed in the present analysis, the stress suffers finite discontinuity in Case (i), but
in Case (ii) the discontinuity in stress is infinite (Dirac delta behavior) in the present analysis, like in TRDTE [21],
near the elastic wave front. This study thus brings to light some similarities between ETE and TRDTE.
For numerical work, we take a copper-like working substance for which εT = 0.0168. We take the representative
values CT = 2 and κ0 = 5, η = 0.35 and η = 0.45 and find the graphical picture for U , Θ , σ for different ξ .
From graphical representation of U,Θ, σ in Case (i), it is evident that displacement and temperature are
continuous, stress exhibits finite discontinuity and for Case (ii), displacement and temperature both exhibit finite
discontinuity, in agreement with the theoretical results.
Case (i): Fig. 1 shows that displacement decreases in the domain 0 ≤ ξ ≤ 0.35 and ultimately goes to zero for
ξ ≥ 0.35 at the instant η = 0.35 and displacement decreases in the domain 0 ≤ ξ ≤ 0.45 and ultimately goes to zero
for ξ ≥ 0.45 at the instant
η = 0.45.
In Fig. 2, the temperature increases rapidly in the range 0 ≤ ξ ≤ 0.35, takes up the value 0.00078 for η = 0.35 and in
the range 0 ≤ ξ ≤ 0.45 for = 0.45, takes up the maximum value 0.00094 for η = 0.45. Then it decreases rapidly and
tends to zero as ξ →∞.
Fig. 3 shows that at ξ = 0, stress is negative, it changes very slowly up to a distance of ξ = 0.35, ξ = 0.45 at the
instants η = 0.35, η = 0.45 respectively and then suffers a finite jump at ξ = 0.35, ξ = 0.45 for η = 0.35, η = 0.45
where the wave front is positioned at two instants η = 0.35, η = 0.45 in agreement with the theoretical result.
Case (ii): In Fig. 4, the displacement curve suffers a finite jump at two instants η = 0.35, η = 0.45 where the wave
front is positioned at the two instants η = 0.35, η = 0.45 in agreement with the theoretical result.
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Fig. 1. Displacement against distance.
Fig. 2. Temperature against distance.
Fig. 3. Stress against distance.
In Fig. 5, temperature decreases in the range 0 ≤ ξ ≤ 0.35, suffers a finite jump at two instants η = 0.35 and
η = 0.45 and then temperature decreases from ξ = 0.35, ξ = 0.45 and is zero for ξ ≥ 5.57, ξ ≥ 6.31 for η = 0.35,
η = 0.45 respectively.
Finite jumps in stress, displacement and temperature at two different instants η are presented in the following table:
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Fig. 4. Displacement against distance.
Fig. 5. Temperature against distance.
Case (i):
Jumps η = 0.35 η = 0.45
[σ ]ξ=η 0.99936 0.99919
Case (ii):
Jumps η = 0.35 η = 0.45
[U ]ξ=η 0.99973 0.999689
[Θ]ξ=η 0.00334 0.00335
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